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GAMMA-1 AND GAMMA-3 ANTI-HUMAN 
CD23 MONOCLONAL ANTIBODIES AND USE 

THEREOF AS THERAPEUTIC S 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of US. 
Ser. No. 08/803,085, ?led Feb. 20, 1997. 

FIELD OF THE INVENTION 

[0002] The present invention relates to monoclonal anti 
bodies Which speci?cally bind human CD23, the loW a?inity 
receptor for IgE (FceRII/CD23), and contain either a human 
gamma-1 or human gamma-3 constant domain, and their 
usage as therapeutic agents. 

BACKGROUND OF THE INVENTION 

[0003] IgE is a member of the immunoglobulin family that 
mediates allergic responses such as asthma, food allergies, 
type 1 hypersensitivity and the familiar sinus in?ammation 
allergic rhinitis and conjunctivitis, and as a result, causes 
Widespread suffering throughout the general population. IgE 
is secreted by, and expressed on the surface of, B-cells. IgE 
synthesiZed by B-cells can be anchored in the B-cell mem 
brane by a short transmembrane domain linked to the mature 
IgE sequence. Membrane and secreted versions of IgE are 
formed in the same cell by differential splicing of the IgE 
RNA transcript. 
[0004] IgE also can be bound to B-cells (and T cells, mono 
cytes, Langerhans cells, follicular dendritic cells, natural 
killer cells, eosinophils and platelets) through its Fc region to 
a loW af?nity IgE receptor (FceRII, hereafter “FCEL”, and to 
mast cells and basophils through its Fc region to a high 
a?inity IgE receptor FceRI, (hereinafter “FCEH”). The loW 
a?inity I gE receptor is generally referred to in the literature as 
CD23. 
[0005] Upon exposure of a mammal to an allergen, antigen 
presenting cells process the antigen for presentation to helper 
T cells. These helper T cells secrete cytokines such as IL-4 
Which assist B-cells to undergo clonal ampli?cation and 
secrete more allergen-speci?c IgE. This neWly synthesiZed 
IgE in turn is released into the circulation Where it binds to 
mast cells and basophils through the high a?inity receptor on 
their cell surface. Such mast cells and basophils are thereby 
sensitiZed to the speci?c allergen. The next exposure to the 
same allergen causes binding to speci?c IgE on the surface of 
mast cells, and basophils, thereby cross-linking the FceRI on 
these cells and thus activating their release of histamine and 
other factors Which are responsible for clinical hypersensitiv 
ity and anaphylaxis. 
[0006] The art has reported antibodies capable of binding to 
FCEL (CD23)-bound IgE but not IgE bound to FCEH (see, 
for example, WO 89/00138 and US. Pat. No. 4,940,782). 
These antibodies are disclosed to be clinically advantageous 
because they bind to IgE Which is bound to the loW a?inity 
receptor (FCEL) or to circulating IgE’s, but do not bind to IgE 
bound to the high a?inity receptor (FCEH). Therefore, these 
antibodies Will not activate mast cells or basophils. 
[0007] Moreover, anti-CD23 antibodies have been reported 
to have potential as therapeutics, e.g., for the treatment of 
allergic disorders, in?ammatory diseases, and autoimmune 
diseases. For example, Bonnefoy et al., WO 9612741, report 
that ligands Which bind CD23, e.g., monoclonal antibodies, 
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are useful in the treatment or prophylaxis of in?ammatory, 
autoimmune and allergic diseases. 
[0008] The usage of monoclonal antibodies to CD23, as 
both IgE agonists and antagonists has been reported. IgE 
antagonists have been reported to have potential utility in 
treatment of conditions or diseases Wherein IgE suppression 
is therapeutically desirable, e.g., allergic conditions such as 
allergic rhinitis and conjuntivitis, atopic dermatitis and 
asthma. For example, Bonnefoy et al., WO 8707302 (1987), 
report monoclonal antibodies to human CD23, Which are 
assertedly useful for assaying the presence of IgE receptors 
on cell types and as therapeutics in diseases Wherein modu 
lation of IgE is therapeutically desirable. 
[0009] In part because of their potential as therapeutics and 
diagnostics, many groups have reported the generation of 
monoclonal antibodies to CD23. See, e.g., Rector et al., 
ImmunoL, 55:481-488 (1985); Suemura et al., J ImmunoL, 
137:1214-1220 (1986); Noro et al., J. ImmunoL, 13711258 
1263 (1986); Bonnefoy et al., J ImmunoL, 138:2170-2178 
(1987); Flores-Romo et al., Science, 261 : 1038-1046 (1993); 
Sherr et al.;J. ImmunoL, 142:481-489 (1989); and Pene et al., 
Proc. Natl. Acad. Sci., USA, 85:6880-6884 (1988). Moreover, 
as discussed supra, the usage of such antibodies speci?cally 
to inhibit IgE production in systems Where IgE synthesis is 
cytokine (IL-4) induced has also been reported. (Flores 
Romo et al (Id.); Sherr et al. (Id.); Bonnefoy et al. (WO 
8707302); Bonnefoy et al. (WO 8707302); Bonnefoy et al. 
(WO 9612741)); Bonnefoy et al., Eur J. Immunol. 20:139 
144 (1990); Sarfati et al., J. Immunol 141:2195-2199 (1988) 
and Wakai et al., Hybridoma 12:25-43 (1993). Also, Flores 
Romo et al. (Id.) disclose that Fabs prepared from anti-CD23 
antibodies inhibit antigen-speci?c induced IgE responses in 
vivo in the rat. HoWever, notWithstanding What has been 
reported, the mechanism by Which anti-CD23 antibodies 
modulate IgE expression and in particular, the manner by 
Which they block IL-4 induced IgE production remains 
unclear. 

[0010] It has been suggested that anti-CD23 antibodies 
inhibit IgE production by signaling through CD23 present on 
the surface of IgE secreting B cells. It has been proposed that 
the function of CD23, Which is upregulated on IgE secreting 
B cells, is feedback inhibition of IgE production (Yu, et al. 
Nature 369, 753-756 (1994)). This has been theoriZed 
because mice in Which the CD23 gene has been removed have 
increased and sustained IgE production compared to controls 
(Yu, et al.). In addition, it has been reported that binding to 
CD23 by IgE complexes or by a monoclonal antibody to 
anti-CD23 suppresses ongoing IgE synthesis by a lympho 
blastoid cell line that constitutively secretes IgE (Sherr et al. 
(Id.)). It appears that this is due to doWn regulation of the 
messenger RNA for the secreted IgE heavy chain in this cell 
(Saxon et al., J. ImmunoL, 147:4000-4006 (1991)). HoWever, 
the exact mechanism by Which IgE expression is inhibited has 
yet to be explained in systems in Which IgE secretion is IL-4 
induced. 

[0011] It has also been reported that crosslinking of Fc 
gamma RII With surface Ig (B cell receptor) on B cells leads 
to doWn regulation of Ig expression. (D’Ambrosia et al., 
Science, 268:293-297 (1995). A similar mechanism can be 
proposed for B cells secreting IgE Which also have cell sur 
face CD23 and Fc gamma RII. An anti-human CD23 antibody 
bound to a cell by antigen (CD23) and also bound to Fc 
gamma RII through Fc interactions could transmit a signal to 
suppress IgE secretion through Fc gamma RII. 
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[0012] Mechanisms involved in IgE inhibition by anti 
CD23 antibodies have been proposed that include blocking 
interactions other than the interaction betWeen membrane 
CD23 and IgE. Related to this, CD23, Which is a member of 
the C-type lectin family, has been shoWn to interact With 
several other ligands such as CD21, CD11b and CD11c 
present on a variety of cell types including T cells and mono 
cytes. In this context CD23 can be envisioned as a cellular 
adhesion molecule. 

[0013] Therefore, it has been proposed that the CD21 
CD23 interaction may be involved in antigen presentation 
and subsequent IgE production. Models suggest CD21 on B 
cells sending an activation signal for IgE production after 
binding to CD23 on activated T cells present primarily in 
atopic individuals. (Leconant et al., Immunol, 88:35-39 
(1996); and Bonnefoy et al., Int. Amer. Allergy Immunol, 
107:40-42 (1995).) Blocking this interaction With an anti 
CD23 could block induced IgE production. (Aubry et al., 
Nature, 358:505-507 (1992) and Immunol, 51944-949 
(1993); Grosjean et al. (1992); Bonnefoy et al., Curr. Opin. 
Eur J. Immunol, 24:2982-2988 (1994); HenchoZ-Lecoanet 
et al., Immunol, 88:35-39 (1996) Nambu et al., Immunol. 
Lett, 44:163-167 (1995); Bonnefoy et al., Int. Amer. Allergy 
Immunol, 107:40-42 (1995).) It is also possible that antigen 
presentation is upregulated by CD23 on antigen presenting B 
cells binding to CD21 on T cells. 

[0014] Yet another mechanism Which Would potentially 
explain the effects of CD23 on IgE production involves 
soluble forms of CD23. It has been reported that CD23 is 
cleaved from the cell surface releasing several different forms 
of soluble CD23 or IgE binding factors. (Sarfati et al., Immu 
n0l., 53:197-205 (1984).) Soluble CD23 is a cytokine, With 
one of its reported activities being the augmentation of IL-4 
induced IgE production from B cells. (Pene et al., J Cell 
Biochem, 39:253-269 (1989); Pene et al., Eur J. Immunol, 
18:929-935 (1988); Sarfati et al., J. Immunol, 141:2195 
2197 (1988); Sarfati et al. (1984) (Id.); (Saxon et al., J Clin. 
Immunol. Allergy, 86 (3 pt 1) 333-344 (1990). Also, certain 
forms of soluble CD23 have been reported to inhibit IgE 
production (Sarfati et al., Immunol, 76:662-667 (1992)). 
Accordingly, anti-CD23 antibodies potentially may block 
IgE production by 1) inhibiting the IgE augmenting effects of 
soluble CD23 and/or 2) blocking the proteolytic release of 
soluble CD23 from the cell surface. 

[0015] Thus, based on the foregoing, it is clear that there is 
signi?cant complexity and uncertainty in the art With respect 
to the functions of more speci?cally CD23 and effects on IgE 
production, and further With respect to the means by Which 
ligands speci?c thereto affect IgE production. 

OBJECTS OF THE INVENTION 

[0016] Thus, it is an object of the invention to produce novel 
ligands (antibodies) speci?c to CD23 and to use such anti 
bodies to elucidate the mechanism by Which anti-CD23 anti 
bodies modulate IgE expression. 
[0017] It is another object of the invention to produce novel 
ligands (antibodies) Which bind CD23, in particular human 
CD23, having improved ability to inhibit induced IgE expres 
sion. 

[0018] It is a more speci?c object of the invention to pro 
duce anti-human CD23 antibodies containing human 
gamma-1 or human gamma-3 constant domains. 
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[0019] It is another object of the invention to produce mul 
tivalent anti-human CD23 antibodies Which may be more 
effective by virtue of their enhanced potential for cross link 
ing CD23 and Fc receptors. 
[0020] It is another object of the invention to provide phar 
maceutical compositions containing anti-human CD23 
monoclonal antibodies comprising human gamma-1 or 
gamma-3 constant domains Which are capable of inhibiting 
induced IgE production. 
[0021] It is another object of the invention to use an anti 
human CD23 monoclonal antibody comprising a human 
gamma-1 or human gamma-3 constant domain for treatment 
or prophylaxsis of disease conditions Wherein inhibition of 
induced IgE production is therapeutically desirable. 
[0022] More speci?cally, it is an object of the invention to 
treat or prevent allergic conditions, autoimmune diseases and 
in?ammatory diseases using an anti-human CD23 mono 
clonal antibody comprising either a human gamma-1 or 
human gamma-3 constant domain. 

BRIEF DESCRIPTION OF THE FIGURES 

[0023] FIG. 1 compares the in vitro IgE inhibitory activity 
of a murine anti-human CD23 monoclonal antibody 
(MHM6), to ?ve primate anti-human CD23 monoclonal anti 
bodies (5E8, 6G5, 2C8, B3B11, and 3G12); 
[0024] FIG. 2 shoWs that primate monoclonal antibodies 
5E8 and 6G5 bind an epitope on human CD23 that is distinct 
from commercially available murine anti-human CD23 
monoclonal antibody MHM6 (middle panel, FIG. 2) and 
compete With each other (loWer panel, FIG. 2). Primate anti 
human CD23 monoclonal antibodies 2C8 and, B3B11 com 
pete With MHM6 top panel, FIG. 2). 
[0025] FIG. 3 compares the in vitro IgE inhibitory activity 
of a particular primate anti-human CD23 monoclonal anti 
body 5E8 to four different PRIMATIZED® versions of said 
primate monoclonal antibody, the sequences of Which are 
described beloW. 

p5E8G4P- This PRIMATIZED ® antibody contains the 
following sequences: 
Human kappa light chain constant region 
and a human gamma 4 constant region Which 
contains a P mutation (Angal et al., Mol. 
ImmunoL, 30: 105-108 (1993)); 
This PRIMATIZED ® antibody contains the 
human kappa light chain constant region 
and a human gamma 4 constant region 
having a P mutation (Angal et al. Mol. 
Immuno1.,30: 105-108 (1993)). This 
antibody also contains a mutation in the 
heavy chain variable region Which changes 
an asparagine residue (potential 
carbohydrate attachment site) to a 
lysine; 
This PRIMATIZED ® antibody contains the 
human kappa light chain constant region 
and a human gamma 1 constant region; 
This PRIMATIZED ® antibody contains the 
human kappa light chain constant region 
and human gamma 1 constant region. This 
antibody also contains a mutation in the 
heavy chain variable region Which changes 
an asparagine residue (carbohydrate 
attachment site) to a lysine; 
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[0026] FIG. 4 contains a table Which compares the apparent 
Kd in nM of the antibodies identi?ed in FIG. 3 and summa 
riZes their IgE suppressive activity. 
[0027] FIG. 5 compares the in vitro IgE inhibitory activity 
of a particular primate anti-human CD23 monoclonal anti 
body, 6G5, to tWo different PRIMATIZED® versions of 6G5 
Which are described beloW: 

p6G5G1 This PRIMATIZED ® antibody contains the 
human lambda light chain constant region 
and the human gamma 1 constant region; 
This PRIMATIZED ® antibody contains the 
human lamda light chain constant region 
and the human gamma 4 constant region 
With a P mutation (Angal et al., Mol. 
ImmunoL, 30: 105-108 (1993)); 

[0028] FIG. 6 compares the in vitro IgE inhibitory activity 
of primate anti-human CD23 monoclonal antibody 2C8 to 
F(ab')2 derived from 2C8; 
[0029] FIG. 7 shoWs that the F(ab')2 derived from 2C8 
antagonizes the suppression of in vitro IgE activity of primate 
anti-human CD23 monoclonal antibody 2C8. 
[0030] FIG. 8 shoWs the in vivo IgE inhibitory activity of a 
particular primate anti-human CD23 monoclonal antibody, 
5E8, in a SCID animal model; 
[0031] FIG. 9 compares the in vivo inhibitory activity of 
primate anti-human 6G5 and a PRIMATIZED® version 
thereof p6GSG4P. 
[0032] FIG. 10 shoWs the in vivo IgE inhibitory activity of 
the primate anti-human CD23 monoclonal antibody 6G5 and 
a PRIMATIZED® version thereof, p6G5G1. 

DEFINITION OF TERMS USED IN THIS 
APPLICATION 

Chimeric Antibody: 

[0033] A recombinant antibody containing regions from 
tWo different antibodies, usually different species antibodies, 
most typically rodent variable sequences and human constant 
domain sequences. 

Anti-Human CD23 Gamma 1 Antibody 

[0034] An antibody that speci?cally binds human CD23 
Which contains a human gamma 1 constant region or frag 
ment or modi?cation thereof Which inhibits induced IgE pro 
duction. This includes, in particular, antibodies containing 
rodent or primate variable domains or antigen binding por 
tions, humaniZed, PRIMATIZED®, and human anti-human 
CD23 monoclonal antibodies Which comprise a human 
gamma 1 constant domain, fragment, or modi?cation thereof, 
Which inhibit induced IgE production in vitro. 

Anti-Human CD23 Gamma 3 Antibody 

[0035] An antibody that speci?cally binds human CD23 
Which contains a human gamma 3 constant region or frag 
ment or modi?cation thereof Which inhibits induced IgE pro 
duction. This includes, in particular, antibodies containing 
rodent or primate variable domains or antigen binding por 
tions, humaniZed, PRIMATIZED®, and human anti-human 
CD23 monoclonal antibodies Which comprise a human 
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gamma 3 constant domain, fragment, or modi?cation thereof, 
Which inhibit induced IgE production in vitro. 

Modi?cations of Antibody Constant Domains 

[0036] Antibodies according to the present invention con 
taining mutations, substitutions or deletions of the constant 
region, that may create a desired change in the level of e?i 
ciency, ie in FcR binding, Without changing the basic effec 
tor functions mediated by the constant region. 

PRIMATIZED® Antibody 

[0037] A recombinant antibody containing primate vari 
able sequences or antigen binding portions, and human con 
stant domain sequences. 

HumaniZed Antibody: 

[0038] A recombinant antibody containing a non-human 
variable region or antigen binding portion Which has been 
modi?ed to more closely mimic a human antibody variable 
region and thereby eliminate or minimiZe potential immuno 
genicity if administered to humans Without sacri?cing the 
speci?city or a?inity of the immunoglobulin. There are sev 
eral knoWn methods of humaniZation, including, “veneering” 
Which comprises select modi?cation of surface residues, 
framework replacement, (CDR grafting) and molecular mod 
eling. 

Gamma 1 Constant Domain: 

[0039] A particular type of constant domain sequence 
Which confers upon an antibody speci?c effector activities. In 
the present application, gamma 1 constant domain refers to a 
human gamma 1 constant domain, fragment or modi?cation 
thereof, Which retains gamma 1 effector functions in combi 
nation With anti-CD23 variable domain sequences or antigen 
binding portions. Modi?cations include human gamma-1 
constant domains Which comprise the deletion, substitution 
or addition of one or more amino acid residues. This effector 
function is manifested by the ability of an antibody contain 
ing such a constant domain to inhibit induced IgE production. 

Gamma 3 Constant Domain: 

[0040] A particular type of constant domain sequence 
Which confers upon an antibody speci?c effector activities. In 
the present application, gamma 3 constant domain refers to a 
human gamma 3 constant domain, fragment or modi?cation 
thereof, Which retains gamma 3 effector functions in combi 
nation With anti-CD23 variable domain sequences or antigen 
binding portions. Modi?cations include human gamma-3 
constant domains Which comprise the deletion, substitution 
or addition of one or more amino acid residues. This effector 
function is manifested by the ability of an antibody contain 
ing such a constant domain to inhibit induced IgE production. 

CD23: 

[0041] This refers to the loW a?inity receptor for IgE, 
FceRII/CD23. 

Anti-CD23 Antibody: 

[0042] An antibody that speci?cally binds CD23, prefer 
ably human CD23. 

DETAILED DESCRIPTION OF THE INVENTION 

[0043] As discussed supra, While many groups have previ 
ously reported the production of anti-CD23 antibodies and 
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the use thereof as antagonists and agonists for modulating IgE 
production, the exact mechanism by Which such antibodies 
modulate IgE expression in systems Where IL-4 induces IgE 
production remains unclear. Thus, it Would be bene?cial if the 
means by Which such antibodies modulate IgE expression 
Were elucidated, or at least better explained, as such informa 
tion Would be potentially useful in designing therapeutics for 
treatment of diseases Wherein modulation of IgE production 
is therapeutically desirable. In particular, it Would be bene? 
cial if improved antibodies speci?c to CD23 Were obtained 
having improved capacity to inhibit induced IgE production, 
as enhanced IgE levels are believed to be involved in numer 
ous disease processes, e. g., allergic conditions, in?ammatory 
conditions and autoimmune diseases. Such diseases include 
by Way of example, atopic dermatitis, ecZema, allergic rhini 
tis and conjuntivitis, Job’s syndrome, and asthma. 
[0044] ToWard that end, the present inventors have surpris 
ingly discovered that anti-human CD23 monoclonal antibod 
ies Which contain human gamma-1 constant domains inhibit 
IgE production in systems Where IgE production is induced 
by IL-4 signi?cantly better than CD23 monoclonal antibodies 
of other effector types, e.g., those comprising human 
gamma-4 constant domains or CD23 monoclonal antibodies 
or antibody fragments lacking effector functions altogether. 
Because human gamma-3 constant domains have been shoWn 
to mediate the same effector functions as human gamma-1, 
anti-human CD23 monoclonal antibodies containing human 
gamma-3 constant domains are also included. 
[0045] There are currently ?ve de?ned effector functions 
for the IgG (gamma) class of antibodies. TWo of these func 
tions, complement activation and FcyRN interaction, are not 
found in the in vitro assays described in the present invention, 
and are therefore not likely to be involved in the molecular 
mechanism. Three other FcyR receptors have been identi?ed 
Which interact With the IgG class of antibodies: FcyRI, FcyRII 
(of Which there are at least six different proteins) and FcyRIII 
(With at least tWo different proteins). All three of these recep 
tors interact With both IgG1 and IgG3. 
[0046] FcyRI is the only one of the three having an appre 
ciable a?inity for IgG. It binds both monomeric gamma-1 and 
gamma-3 With a K, of about 5><108 M_l. HoWever, its a?inity 
for human gamma-4 is about 10-fold less, and it does not bind 
human gamma-2 at all (Fries et al., 1982, J. Immunol. 129: 
1041-1049; Kurlander and Batker, 1982, J. Clin. Invest. 69: 
1-8; Woof, 1986, G. Mol. Immunol. 21: 523-527; see also 
Burton and Woof, 1992, Human Antibody E?‘eclor F unclion, 
Adv. Immunol. 51: 1-84). 
[0047] Although the af?nity of human FcyRII and FcyRIII 
for human IgG is generally very loW (Ka<107 M_l), a?inity 
for human IgG1 and human IgG3 increases signi?cantly 
(Kaz2 to 5><107 M_l) When they are bound to antigen (Karas 
et al.; 1982, Blood 60: 1277-1282). The af?nity of human 
FcyRII for human IgG2 bound to antigen has given con?ict 
ing results. Human FcyRIII does not bind to human IgG2. 
Human FcyRII and human FcyRIII do not bind to human 
IgG4 (Van de Winkel and Anderson, 1991, J. Leuk. Biol. 49: 
511-524; HuiZing a et al., 1989, J. Immunol. 142: 2359 
2364). 
[0048] While Fc mediated effector functions are sometimes 
signi?cant to the therapeutic activity of antibodies, this dis 
covery Was surprising in the case of anti-CD23 antibodies 
because the role of effector function in the IgE inhibitory 
activity of anti-CD23 antibodies had not been previously 
reported. In fact, previous evidence had suggested that anti 
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body effector function Was not signi?cant to the ability of 
anti-CD23 antibodies to inhibit induced IgE production. For 
example, Flores-Romo et al., Science, 261 :1038-1041 (1993) 
had reported that Fabs prepared from a polyclonal anti-CD23 
antibody inhibited an in vivo induced IgE antigen-speci?c 
response. 
[0049] The discovery that effector functions mediated 
through the constant region of the anti-CD23 antibodies are 
apparently involved Was made after the present inventors 
isolated various primate antibodies speci?c to CD23 having 
anti-IgE inhibiting activity and compared these antibodies to 
PRIMATIZED® versions With respect to their ability to 
inhibit IL-4 induced IgE production in vitro and in vivo. 
Antibodies constructed With a human gamma-4 constant 
region failed to inhibit IgE antigen-speci?c responses in vitro, 
Whereas antibodies containing a human gamma-1 constant 
region Were successful. 
[0050] Because one (or more) of the three classes of FcyR 
receptors, FcyRI, FcyRII or FcyRIII, is likely involved in the 
speci?c effector function mediated through the gamma-1 
domain, and because these classes of receptors also bind to 
antibodies containing gamma-3 domains, it is logical that 
anti-CD23 antibodies containing gamma-3 domains Will also 
be successful at inhibiting IgE-antigen speci?c-response in 
vitro. 
[0051] More speci?cally, and as described in greater detail 
infra, ?ve primate monoclonal antibodies Which speci?cally 
bound both cellular and soluble CD23 Were isolated from an 
Old World monkey (macaque) according to the methodology 
Which is disclosed in commonly assigned application Ser. No. 
08/379,072 (noW alloWed), Which application is incorporated 
by reference in its entirety herein. This application described 
in detail a means for producing monoclonal antibodies to 
desired antigens, desirable human antigens, in Old World 
monkeys and their advantages in relation to antibodies of 
other species as therapeutics, for example reduced or poten 
tially lack of immunogenicity in humans because of the phy 
logenetic closeness of humans and Old World monkeys. In 
fact, because of the phylogenetic closeness of these species, it 
is di?icult to distinguish Old World monkey immunoglobu 
lins from human immunoglobulins by sequence comparison. 
[0052] Four of these ?ve primate monoclonal anti-human 
CD23 antibodies Were demonstrated to be capable of inhib 
iting IL-4 induced IgE production in an in vitro B cell assay 
described in detail infra and the most potent Was also shoWn 
to inhibit IL-4 induced IgE in a SCID mouse animal model 
(also described in detail infra). Based on this IgE inhibitory 
activity, and expected loW immunogenicity in humans, such 
antibodies are potentially suitable as therapeutics for treating 
diseases Wherein inhibition of IgE production is therapeuti 
cally desirable. 
[0053] HoWever, in order to further reduce immunogenic 
ity, it Was elected to PRIMATIZE® tWo primate monoclonal 
antibodies (a type of chimeriZation of antibodies) according 
to the methodology Which is also described in Us. Ser. No. 
08/ 379,072 (noW alloWed), incorporated by reference herein. 
PRIMATIZATION® essentially refers to the production of 
recombinant antibodies developed by IDEC Pharmaceuticals 
Corporation Which comprise primate variable regions and 
human constant regions. PrimatiZation of the tWo primate 
anti-human CD23 monoclonal (5E8 and 6G5) antibodies 
having potent IgE inhibiting activity Was effected in order to 
eliminate any potential immunogenicity attributable to the 
primate constant domains in humans. 
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[0054] Again, because of the inventors’ initial expectation 
from published literature that Fc effector function Was not 
necessary for induced lgE inhibition, human gamma 4 ver 
sions of these particular antibodies Were initially produced. 
However, quite surprisingly, it Was found that the gamma-4 
versions produced from both of these primate monoclonal 
antibodies Were ineffective, i.e., they required signi?cantly 
higher concentrations of PRIMATIZED® gamma 4 antibody 
than the primate antibody to inhibit lL-4 induced lgE produc 
tion in in vitro assays. 
[0055] Moreover, even more surprising Was the discovery 
that When the same tWo primate antibodies Were then con 
ver‘ted to human gamma-1 versions (by substitution of the 
primate constant domains With human gamma-1 constant 
domains), that these gamma-1 antibodies very effectively 
inhibited induced lgE production in vitro. Thus, our results 
suggested that Fc effector function is apparently signi?cant to 
the ability of anti-human CD23 antibodies to inhibit induced 
lgE production. This hypothesis Was con?rmed When a third 
primate anti-human CD23 monoclonal, i.e., the 2C8 anti 
body, Which Was shoWn by us to inhibit lgE production in 
vitro, Was converted to a F(ab')2, Which Was found to be 
substantially incapable of inhibiting induced lgE production 
in vitro. In fact, this F(ab')2 Was found to antagonize the 
suppressive effects on induced lgE blocking activity of the 
primate anti-human CD23 monoclonal antibody 2C8. 
[0056] In addition, it Was found that removing a glycosy 
lation site in the heavy chain variable region of one of the 
antibodies (5E8) had no effect on binding of the antibody to 
CD23 (as evidenced by obtained Kd values), or on induced 
lgE inhibition. Thus, the differences in lgE inhibition Were 
shoWn to apparently not involve glycosylation differences. 
[0057] The PRIMATIZED® gamma 1 version of primate 
6G5 Was found to inhibit induced lgE expression in SCID 
mice While the same concentration of either the primate 6G5 
or the PRIMATIZED® p6GSF4p did not inhibit induced lgE 
expression. Therefore, an antibody containing human 
gamma-1 constant domains Was found to be even more effec 
tive in an in vivo animal model then the primate monoclonal 
antibody. Furthermore, the inventors anticipate that anti 
CD23 antibodies containing human gamma-3 constant 
domains Will be just as effective as those having gamma-1 
constant domains, because gamma-1 and gamma-3 constant 
domains have a?inity for the same classes of Fc receptors. 
[0058] Accordingly, based on these results, it has been sur 
prisingly discovered that an active Fc region, in particular that 
of human gamma-1 or human gamma-3, is signi?cantly 
involved in the mechanism of IL-4 induced lgE inhibition by 
anti-human CD23 monoclonal antibodies. This discovery is 
quite unexpected especially based on earlier reports that Fabs 
derived from polyclonal anti-CD23 antibodies Were capable 
of inhibiting induced lgE production, and also based on the 
various theories as to hoW CD23 affects induced lgE expres 
sion. 
[0059] Accordingly, the present invention relates to anti 
human CD23 antibodies containing human gamma-1 or 
gamma-3 constant domains and their use as therapeutics 
based on their ability to effectively inhibit lgE expression. 
[0060] The skilled artisan can prepare anti-human CD23 
antibodies containing either human gamma-1 or gamma-3 
constant domains by methods Which are Well knoWn in the art 
for the manufacture of chimeric antibodies. Essentially, such 
methods comprise producing anti-human CD23 antibodies in 
a desired host or in vitro, cloning a hybridoma or cell line 
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Which produces an anti-human CD23 monoclonal antibody 
exhibiting desirable characteristics, e.g., adequate CD23 
binding a?inity, cloning the nucleic acid sequences Which 
encode such antibody from said hybridoma or cell line, eg 
by polymerase chain reaction using suitable primers, isolat 
ing the variable domains contained therein, recombining such 
variable domains With human gamma-1 or gamma-3 constant 
domains and the appropriate human light chain constant 
domain, and expressing the resultant nucleic acid sequence 
encoding a chimeric anti-human CD23 gamma-1 or gamma-3 
immunoglobulin in a suitable expression system. Preferably, 
the anti-human CD23 antibodies of the invention Will have 
apparent CD23 binding af?nities ranging from 0.1 nM to 
1000 nM, more preferably at least 50 nM, and mo st preferably 
at least 5 nM. 
[0061] Host cells suitable for expression of recombinant 
immunoglobulins are Well knoWn in the art. For example, 
recombinant antibodies may be expressed in Chinese hamster 
ovary (CHO) cells, DG44 or DUXBl 1; or CHO cells CHO 
K-l; mouse myeloma cells SP2/0 or X63-Ag8.653 or NSO; 
rat myeloma cells YB2/0; baby hamster kidney cells, BHK; 
human embryonic kidney line, 293; monkey kidney cells, 
CV1; human lung ?broblasts, W138; human cervical carci 
noma cells, HELA; insect cells, plant cells, yeast or in bacte 
ria. Further, vectors suitable for expression of immunoglobu 
lins are also Well knoWn in the art and are commercially 
available. 

[0062] A particularly preferred vector system is the trans 
lationally impaired vector system disclosed in U.S. Ser. No. 
08/ 147,696 (noW alloWed), Which comprises a translationally 
impaired dominant selectable marker (neo) containing an 
intron into Which a desired heterologous DNA is inserted. 
This vector system has been found to provide for very high 
yields of recombinant proteins, e.g., immunoglobulins. HoW 
ever, the subject anti-CD23 antibodies may be produced in 
any vector system Which is suitable for expression of func 
tional immunoglobulins. 
[0063] Also, the present invention embraces human mono 
clonal antibodies of the gamma-1 or gamma-3 types Which 
are speci?c to human CD23. Methods for isolation of human 
monoclonal antibodies are also Well knoWn in the art and 
include in vitro methods, e.g., in vitro immuniZation of 
human B cells in tissue culture, and in vivo methods, eg 
synthesis of human monoclonal antibodies in SCID mice. A 
preferred means of producing human monoclonal antibodies 
in SCID mice Which combines in vitro priming of human 
spleen cells Which are then introduced into SCID mice is 
disclosed in U.S. Ser. No. 08/488,376 (incorporated by ref 
erence in its entirety herein). This method is advantageous as 
it provides for the reproducible recovery of monoclonal anti 
bodies having high a?inity against a desired antigen, e.g., a 
human antigen. 
[0064] Also, the present invention embraces human mono 
clonal antibodies Which compete With the primate anti-hu 
man CD23 monoclonal antibodies 5E8 and 6G5 for binding 
to CD23. 

EXAMPLE 1 

Production of Primate Anti-CD23 Antibodies 

[0065] Five primate monoclonal antibodies speci?c to 
CD23 Were isolated from macaques substantially according 
to the methodology disclosed in Ser. No. 08/379,072, Which 
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has been incorporated by reference herein. The exact tech 
niques utilized are described in detail beloW. 

Methodology for Isolation and Characterization of 
Anti-Human CD23 Monoclonal Antibodies 

[0066] Puri?cation of the Immunogen sCD23 from 8866 
Cells 

[0067] During puri?cation, soluble CD23(sCD23) Was 
quanti?ed by a three-step ELISA using a murine anti-CD23 
antibody (Binding Site; catalog #MC112) as a capture. The 
antigen Was partially puri?ed from cultures of 8866 cells 
maintained in suspension bioreactors using RPMI 1640 (JRH 
Biosciences; catalog #56-509) supplemented With 10% fetal 
bovine serum (J RH Biosciences) and 4 mM glutamine (JRH 
Biosciences; catalog #90114) at 370 C. Carbon dioxide Was 
used to maintain pH 7.1. After removing cells by 0.45 pm 
?ltration, phenylmethyl sulfonyl ?uoride (?nal concentration 
0.2 mM, Sigman Chemical Co.; catalog #P-7626) and ethyl 
enediaminetetraacetic acid (?nal concentration 3 mM, Sigma 
Chemical Co.; catalog #EDS) Were added to the supemate 
and the solution stored at 2-80 C. The cell-free supemate Was 
concentrated approximately 15 to 20-fold using a holloW 
?ber ultra?ltration cartridge (A/ T Technology; catalog 
#UFP-10-C-9A; 10,000 d MWCO) or tangential ?oW ultra 
?ltration cartridge (Filtron Corporation; 10,000 d MWCO) at 
ambient temperature. The concentrated supernate Was sterile 
?ltered and stored at —700 C. ThaWed concentrates Were 
de-lipidated by adding SM-2 BioBeads (BioRad Industries; 
catalog #152-3920) at 5 g/L and stirring overnight at 2-80 C. 
The resin Was removed by ?ltration and the solution stored at 
2-80 C. For some preparations of sCD23, concentrates Were 
fractionated using ammonium sulfate (35-70% (W/v); Fisher; 
catalog #A702-3) before or after de-lipidation. 
[0068] The de-lipidated solution Was subsequently puri?ed 
using af?nity chromatography at 2-80 C. The a?inity matrix 
Was prepared by covalently linking a murine anti-CD23 
monoclonal antibody (BU38) to Sepharose using CNBr-ac 
tivated Sepharose 4B (Sigma Chemical Co.; catalog 
#C-9142). The BU38 antibody Was puri?ed to >90% homo 
geneity from ascites (Binding Site; catalog #CUS830) using 
Protein A chromatography. The de-lipidated solution Was 
applied to the af?nity column (1 .5><5 cm) equilibrated With 
1><PBS (Gibco BRL; catalog #70013-0.32), pH 7.2 and the 
column Washed With 1><PBS, pH 7.2, containing 0.05% NP40 
(Sigma Chemical Co.) to remove non-bound protein. Soluble 
CD23 Was eluted using 3.5 M MgCl2 (Fisher; catalog #M33 
500). Fractions containing sCD23 Were combined and dia 
lyzed (Baxter Spectra/Por; catalog #D1615-1) against 
1><PBS, pH 7.2 at 2-80 C. After dialysis, the protein solution 
Was concentrated by centrifugation using Centriprep 10 spin 
?lters (Amicon Corporation; MWCO 10,000 d) and prepara 
tions stored at —700 C. The purity of sCD23 Was estimated to 
be >70% using SDS-PAGE analysis (4-20% pre-cast gels, 
Novex Corporation) and Coomasie staining. 

Immunization of Primates and Isolation of Immune Cells 

[0069] Cynomolgus monkeys (White Sands Research Cen 
ter, Alamogordo, N. Mex.) Were immunized With soluble 
CD23 Which hadbeen puri?ed from the supernatant of human 
RPMI 8866 cells (B cell lymphoma, Hassner and Saxon, J. 
ImmunoL, 132:2844 (1984)). Each monkey Was immunized 
every third Week With 200 pg soluble CD23 in 500 pl PBS 
mixed With 167 [1.1 Temuritide (adjuvant peptide) (Sigma, St. 
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Louis, Mo., Catalog #A-9519) and 333 pl 3><PROVAX® 
(IDEC Pharmaceuticals Corporation). Immunization Was 
effected intradermally, intraperitoneally, intramuscularly and 
subcutaneously. The titer of anti-CD23 antibodies in the 
serum of the monkeys Was measured by ELISA on 8866 cells 
and compared to a pre-bleed from the same monkeys. 
[0070] Monkey PRO 978, With a serum titer of ?fty thou 
sand Was sacri?ced, and the spleen and lymph nodes Were 
surgically removed, and shipped on ice to IDEC pharmaceu 
ticals, submerged in sterile RPMI-1640 (Gibco BRL, Gaith 
ersburg, Md., Catalog #21870-050) supplemented With 10% 
fetal calf serum, 2 mM L-glutamine, 2 mM sodium pyruvate 
and 50 ug/ml gentamicin. Immediately upon arrival the 
spleen Was homogenized by squeezing it through a Wire mesh 
With a glass pistil. Red blood cells Were lysed in an ammo 
nium chloride based hypotonic buffer and the remaining lym 
phocytes collected and Washed in RPMI-1640 at least three 
times. Lymph nodes Were homogenized similarly into a 
single cell suspension, collected and Washed at least three 
times in RPMI-1640. 

Production of Hybridomas 

[0071] After the last Wash, the cells Were counted, and the 
primate cells obtained above Were then somatically fused to 
the mouse-human heterohybridoma cell line H6K6/ B5 (Car 
roll et al., J. Immunol. Methods, 89:61 (1986)) using standard 
techniques (Boemer et al., J. ImmunoL, 147:86) (1991)) and 
plated into 96 Well dishes (175 dishes or 14,700 Wells for the 
spleen, and 17 dishes or 1386 Wells for the lymph nodes) at 
300,000 cells per Well. 
[0072] This procedure involved the mixing of lymphocytes 
and the above-identi?ed fusion partner, at a 2:1 ratio, Which 
cells Were sloWly resuspended into 50% PEG 1500 (Sigma, 
Catalog #P5402) for 1 minute. These cells Were then alloWed 
to rest for 1 minute and then sloWly further resuspended in 
excess RPMI-1640. AfterWard, the cells Were again alloWed 
to rest, this time for 15 minutes before a light spin at 250><g. 
The cells Were then resuspended in RMPI-1640 groWth 
media, Which Was supplemented With 20% Fetal Calf Serum, 
2 mM L-Glutamine, Sodium Pyruvate, Non-Essential Amino 
Acids and 50 ug/ml Gentamicin, containing 100 [1M Hypox 
anthine, 16 [1M Thymidine (BoehringerMannheim, Germany, 
#623091) and 5.8 uM Azaserine (Sigma, Catalog #A 1164) 
(HTA). HTA is a selection agent Which provides the survival 
of successfully fused cells (primate lymphocyte fused With 
heterohybridoma fusion partner). 
[0073] Approximately 65% of the Wells shoWed groWth 
(10,500 Wells). These Wells Were then screened for the pres 
ence of anti-human CD23 antibody by a three step cell 
ELISA. 

ELISA Procedure 

[0074] The ?rst step of the ELISA comprised the transferral 
of ?fty microliters of supernatant from each Well to ninety-six 
Well plates Which had previously been coated With 105 8866 
cells (CD23 positive cell line) per Well. These plates Were 
made by ?rst coating the plates With 50 pl of aqueous solution 
containing tWenty ug/ml Poly L-Lysine (Sigma Catalog 
#P1399, MW 150,000-300,000) for thirty minutes at room 
temperature. The remaining solution Was removed (“?icked 
out”) and the plates left to dry. Once dry, ?fty pl of 8866 cells 
in PBS Were transferred and spun at 600 g for ?ve minutes. 
The 8866 cells Were covalently bound to the plate by adding 
?fty [1.1 0.5% glutaraldehyde (Sigma Catalog #G6257) in 
phosphate buffered saline (PBS) for 15 minutes. The glutaral 
dehyde Was removed (?icked out) and the plates blocked With 
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one hundred ?fty pM 100 mM glycine (Sigma Catalog 
#G-2879) in 0.1% BSAiPBS. After the addition of super 
natants, the plates Were incubated at 370 C. for one to tWo 
hours and Washed seven to nine times With tap Water, and a 
goat anti-human IgG antibody coupled to horse radish per 
oxidase (HRPO) (Southern Biotech, Birmingham, Ala., Cata 
log #2040-05) diluted 1:2000 into 1% dry skimmed milk 
(Vons) in PBS40.05% TWeen 20 (Sigma, Catalog #P1379) 
Was added. The plates Were incubated for forty-?ve minutes 
at 370 C., and again Washed seven to nine times in tap Water. 
The presence of the HRPO Was detected by a color develop 
ment after the addition of a TMB reagent (Kirkegaard & 
Perry, Gaithersburg, Md., Catalog #50-76-02 and 50-65-02), 
100 pl/Well. The reaction Was stopped by adding tWenty-?ve 
pl 4NH2SO4. Optical density (OD) Was measured at 470 nM 
on a spectrophotometer (Titertek Multiscan). The OD values 
greater than tWo times the background Were scored as posi 
tive. 
[0075] The second step in the ELISA Was effected to con 
?rm that the supematants Which had been scored positive in 
the ?rst ELISA reacted to CD23 and not to some irrelevant 
antigen. This Was effected by testing the supernatants on 
SupT1 cells (ERC BioServices Corporation, Rockville, Md., 
Catalog #100), a CD23 negative human cell line, using the 
same ELISA procedure. Supematants that scored similarly in 
both tests Were discarded. These results indicated that ?fty 
six of the 10,500 Wells With groWth shoWed the presence of a 
primate monoclonal antibody that bound to 8866 cells in tWo 
separate screenings at different times and did not bind to 
SupT1 cells. 
[0076] The third step of the ELISA Was conducted to deter 
mine Whether the supematants identi?ed according to the ?rst 
tWo ELISA steps, reacted With soluble CD23. In this third 
ELISA, 96 Well plates Were coated at 40 C. overnight With 2 
pg/ml BG-6 (Biosource International, Camarillo, Calif., 
Catalog #CT-CD23-CF), a mouse monoclonal antibody that 
binds to soluble CD23 but does not block CD23-IgE binding, 
contained in a 50 mM bicarbonate buffer, pH 9.3. After 
removing the coating buffer, ?fty pl of semi-puri?ed soluble 
CD23 at a predetermined dilution in PBS Were added to the 
plate and incubated for tWo hours at room temperature. After 
Washing the plate With tap Water seven to nine times, 50 pl 
supematants from selected Wells Were added. After Washing 
the plate in tap Water seven to nine times, 50 pl rabbit anti 
human IgG (mouse adsorbed)-HRPO (Southern Biotech, 
Catalog #6145-05) diluted 1 :4000 in 1% dry skimmed milk in 
PBS With 0.05% TWeen 20 Were added, incubated for tWo 
hours at 370 C., Washed seven to nine times in tap Water and 
developed With TMB as described above. Wells With OD’s 
greater than tWo times the background Were again scored as 
positive. 
[0077] TWenty-one of the ?fty-six Wells that shoWed bind 
ing to 8866 cells also bound to sCD23 in the ELISA. These 
Wells Were expanded and subcloned at least tWice by plating 
out cells at one cell per three Wells. After approximately three 
months, ?ve stable hybridomas producing primate mono 
clonal antibodies to CD23 Were obtained. 

Antibody Puri?cation by Protein A Methods 

[0078] Essentially, antibodies are puri?ed by centrifuga 
tion of the culture supernatant to remove cells and debris. The 
resultant centrifuged samples are then ?ltered through a 0.2 
pm ?lter. A protein A sepharose Fast How column is then 
prepared and equilibrated using PBS (pH 7.4). The superna 
tant is then loaded on the column at an appropriate ?oW rate (2 
ml/min). After loading, the Wash column is Washed With 10 
column volume of PBS (pH 7.4). The antibody is then eluted 
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from the column With elution buffer (0.2 M acetic acid, 0.1 M 
glycine pH 3.5) at 1 ml/min ?oW rate. One milliliter fractions/ 
tube (2.0 M Tris-Hcl pH 10.0) including 100 pl of Tris, are 
then collected. Afterward, spectrophotometer readings are 
taken at 280 nm. The resultant fractions With high absorbance 
at 280 nm containing the antibody are then collected and 
dialyZed against PBS overnight. The product is then sterilized 
by ?ltration through 0.22 pm membrane and stored at —20° C. 
[0079] Four of these ?ve primate anti-human CD23 mono 
clonal antibodies (1H6, 2C8, 5E8 and 6G5) Were demon 
strated to inhibit IgE production in an in vitro assay Which 
measures IgE production by IL4-hydrocor‘tisone induced 
peripheral blood mononuclear cell (PBMC) cultures. These 
results are shoWn in FIG. 1. The assay conditions are 
described beloW. The ?fth primate monoclonal anti-human 
CD23 antibody B3B11 Was inactive in this assay. 

IL-4 Stimulated IgE Production by Peripheral Blood 
Mononuclear Cells 

[0080] As discussed supra, the subject primate antibodies 
and PRIMATIZED® forms thereof Were assessed for their 
ability to inhibit IgE production in an in vitro assay Which 
measured the effect of such antibodies on IgE production by 
IL-4 stimulated peripheral blood mononuclear cells. 

Materials for In Vitro IL-4 IgE Assay 

[0081] Forty-eight Well ?at bottom cluster plates (Costar 
Catalog #3548) (1.5 million PBMCs per ml per Well (48 Well 
plate)) 
[0082] Human recombinant IL-4 (GenZyme Catalog 
#2181-01; 10 pg (2.5><107 units) 
[0083] anti-CD23 Mabs: 

[0084] murine Mab (MHM6; DAKO. Catalog #M763) 
[0085] primate Mabs (no preservatives) 
[0086] PRIMATIZED® (no preservatives) 

[0087] HB 101 basal medium: (Irvine Scienti?c Catalog 
#T000) 
[0088] 
#T 1 5 1 ) 
[0089] Fetal Bovine Serum: (FBS; Bio-Whittaker Catalog 
#14-501F) 
[0090] dimethylsulfoxide: (DMSO; Fisher Scienti?c Cata 
log #D128-500) 

HB101 supplement: (Irvine Scienti?c Catalog 

[0091] hydrocortisone: (Sigma Catalog #H-0888) 
[0092] puromycin: (Sigma Catalog #P-7255) 
[0093] cyclohexamide: (Sigma Catalog #C-7698) 
[0094] Histopaque®: (Sigma Catalog #H-8889) 
[0095] Hank’s Buffered Salt Solution: (HBSS; Irvine Sci 
enti?c Catalog #9232) 
[0096] 1% PBS in HBSS 
[0097] concentrated Dulbecco’s phosphate buffered saline 
(10><DPBS; Bio-Whittaker, Catalog #17-517Q) 
[0098] Bath Clear Microbicide (Fisher, Catalog #13-641 
334) in DPBS 

Solutions: 

[0099] puromycin solution: 40 pg/ml in HB101 groWth 
medium 
[0100] cyclohexamide solution: 200 pg/ml in HB110 
groWth medium 
[0101] hydrocor‘tisone solution: 0.1 M solution in DMSO 
[0102] anti-CD23 murine Mabs Were extensively dialyZed 
to remove preservatives 
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HB 101 growth medium 

HB101 basal medium 500 ml 
HB101 supplement in 10 ml 5 ml 
sterile ?ltered distilled H2O 
PBS 10 ml 
hydrocortisone solution 0.25 ml 
(?nal cone. 5 [1M) 

In Vitro As say Procedure 

[0103] Buffy coat cells 1:4 are diluted using HBSS at room 
temperature. These cells are derived from Whole blood after 
an overnight incubation at room temperature to resolve and 
separate the plasma components, clotted platelets and ?brin, 
and buffy coat cells. 
[0104] Thirty microliters of diluted buffy coat are then 
overlayed onto ?fteen microliters of Histopaque in ?fty ml 
conical tubes. These tubes are then centrifuged for tWenty 
minutes at 1700 rpm at room temperature Without brakes 
(IEC 216 swinging bucket rotor). The White PBMC layer is 
then collected using a sterile pipette, taking care not to disturb 
the other layers. The PBMCs (peripheral blood mononuclear 
cells) are the buffy coat cells Which have been sedimented by 
centrifugation partially through a HISTOPAQUE® density 
gradient to form a distinctly visible White layer of cells. These 
cells are collected With a pipette, rinsed With HBSS, and then 
counted using a hemocytometer. Typically, 300 to 600 million 
PBMCs can be recovered from a single 450 ml buffy coat 
package. 
[0105] The collected PBMCs are then Washed three times 
in 1% FBS/HBSS. The Washed cells are collected by centrifu 
gation for seven minutes at 1300 rpm at 7° C. 
[0106] The number of cells collected is then determined 
using a hemocytometer. The cell concentration is adjusted to 
about three million cells per milliliter of HB101 groWth 
medium. 
[0107] Approximately about 1.5 million cells (0.5 ml) are 
then added to each Well of a 48 Well plate. In general, ?ve 
replicate samples are prepared for each experiment. The 
perimeter Wells of each plate are not used for cell samples. 
Accordingly, these Wells are ?lled, e. g., using 0.5 ml of 0.05% 
BathClear/DPBS. 
[0108] 0.5 ml HB101 groWth medium containing desired 
amounts of IL-4 and Mab is then added to the Wells. The IL-4 
used is recombinant DNA-generated human interleukin 4. 
The Mab used in the assay is a murine, primate or PRIMA 
TIZED® antibody. Typically, IL-4 is added at a ?nal concen 
trate of 100 U/ml and Mab is added at a ?nal concentrate 
ranging from 0.01 to 3 [1.g/ml. 
[0109] The cells are then incubated for nine to eleven days 
at 37° C. in a moist incubator set at 5% CO2. After incubation, 
the supernatant ?uids are collected and the IgE content is 
measured. 

IgE ELISA 

[0110] The folloWing list identi?es materials and solutions 
used in the IgE ELISAs. 

Materials and Solutions Needed for IgE ELISA 

[0111] sulfuric acid, 4 M 
coating buffer: 10 mM sodium bicarbonate buffer, pH 9.6 
concentrated phosphate buffered saline (10><PBS) stock solu 
tion: 
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NaH2PO4 26.6 gm 
Na2HPO4 289 gm 
NaCl 1064 gm 
distilled H20 10 L 

blocking buffer: 10% FBS/PBS 
dilution buffer: 1% BSA/0.05% TWeen 20/PBS 
Washing buffer: 0.05% TWeen 20/ PBS 
goat anti-human IgE (epsilon chain-speci?c), unlabeled: 
(Tago Catalog #4104) 
human IgE standard: (The Binding Site Catalog #BP094) 
goat anti-human IgE, HRP-labeled: (Tago Catalog #AHI 
0504) 
TMB peroxidase substrate: (KPL Catalog #50-76-02) 
peroxidase solution B: (KPL Catalog #50-65-02) 
Working substrate solution: mix substrate and Solution B at 
1:1 ratio 
Immulon II microtiter plates (Dynatech Labs Catalog #011 
010-3455) 

IgE ELISA Procedure 

[0112] Each Well of a microtiter plate is coated using 100 [1.1 
of a coating buffer containing 2 [1.g/ml goat anti-human IgE. 
[0113] The coated plate is then incubated overnight at 4° C. 
[0114] After incubation, each Well in the plate is then 
Washed three times With 200 [1.1 of TWeen 20/ PBS. After 
Washing, the non-speci?c binding sites are blocked With 200 
[1.1 blocking buffer/Well for 1 hour at 37° C. 
[0115] One hundred [1.1 of samples or standards are then 
added to each Well; Which Wells are then incubated over-With 
night at 4° C. After incubation, the samples are tested With or 
Without dilution. A standard concentration curve is prepared 
for each plate using several dilutions of IgE ranging from 0.1 
to 50 ng/ml. 
[0116] After overnight incubation, each plate is Washed 
?ve times With TWeen 20/ PBS. 
[0117] One hundred [1.1 of horseradish peroxidase (HRP) 
labeled goat anti-human IgE diluted 1:10,000 in dilution 
buffer is then added to each drained Well. The plate is then 
incubated for 4 hours at 37° C. 
[0118] The plates are then Washed 5 times With TWeen 
20/ PBS and 3 times With Water. 
[0119] One hundred [1.1 of 3,3',5,5'-tetramethylbenZidine 
Working substrate solution is then added to each Well. The 
plate is then incubated for tWenty-?ve minutes in the dark at 
room temperature. After incubation the developing reaction is 
stopped by the addition of ?fty [1.1 of 4 M sulfuric acid. 
[0120] The absorbency is then read concurrently at 450 and 
540 nm. The 540 nm absorbency values are subtracted as 
background. 

Assay for Kd Measurement of Primate Monoclonal 
Anti-Human CD23 Antibodies 

Scatchard Analysis Procedure 

1. Radiolabeling Procedure 

[0121] IODO-BEADS are Washed With 100 mN Phosphate 
Buffer, pH 7.4 tWice using 1 mL of buffer per 2 beads. The 
beads are then dried on ?lter paper. 

[0122] The tWo beads are then added to 100 [1.1 125 I solution, 
containing about 1 mCi of I, diluted With 200 [1.1 of the phos 
phate buffer, and left at room temperature for 5 minutes. 
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[0123] The antibody (50 ugs) is added to the preloaded 
beads. The reaction time for maximal incorporation of radio 
activity is 6 minutes. 
[0124] The reaction is stopped by removing the radiola 
beled antibody from the reaction vessel. 
[0125] Gel ?ltration is then performed to remove excess 
1251 or unincorporated 1251 from the radiolabeled antibody 
solution. This is effected by pas sing the radiolabeled antibody 
over a column made up of 1.5 mL Sephadex-G25, 1.5 mL 
DEAE Sephadex-A25 and 0.5 mL Amberlite. The radiola 
beled antibody is eluted off in a total volume of 5 mL at a 
concentration of about 10 ug/mL. (Elution Buffer: 1><PBS 
containing 10% Gelatin, 2% Sodium AZide and 1% BSA). 

2. Optimization Assay (Direct Binding Study) 

[0126] The speci?c activity of the 10 ug/mL radiolabeled 
solution is determined by taking a 1 [1.1 sample and running the 
sample on a gamma counter. 

[0127] Example: 
[0128] 1><105 cpm/p.1><1000 [Ll/l0 [1g antibody 

[0129] 1><05 cpm/[1g antibody 
[0130] 1><04 cpm/ng antibody 

[0131] Molecular Wt. of antibody:75,000 ng/nmole 
[0132] Speci?c activity: 
[0133] 1><04 cpm/ng><75,000 ng/nmole:7.5><08 cpm/ 
nmole 

[0134] The antigen-coated plate is blocked (to eliminate 
non-speci?c binding, e.g., With mB7.1-CHO) and the back 
ground plate (i.e., Untransfected-CHO) for one hour at room 
temperature-With 200 [.ll/W?ll of blocking buffer (Blocking 
Buffer: 1><PBS containing 10% Gelatin, 2% Sodium AZide, 
1% BSA and 10% FBS). 
[0135] The plate(s) are then Washed, typically ten times by 
hand With tap Water. 
[0136] The 10 ug/mL radiolabeled antibody (50 uls) is then 
titrated by tWo-fold serial dilutions across the plate(s) using a 
multichannel pipette. Incubate for one hour at room tempera 
ture. 
[0137] The plate(s) are again Washed about 6-7 times With 
200 [Ll/Well of Wash buffer (Wash Buffer: —1><PBS containing 
10% Gelatin and 2% Sodium AZide). 
[0138] The radio activity counts in each Well are then deter 
mined by running the Wells on a gamma counter. 
[0139] The optimal radiolabeled antibody concentration is 
the concentration in Which the difference betWeen the speci?c 
counts and background counts is at a maximum. 

3. Scatchard Analysis of Competition Assay 

[0140] The 10 ug/mL radiolabeled solution is diluted to the 
optimal concentration determined in the Direct Binding 
experiment. 
[0141] The antigen-coated plate and the background plate 
are blocked for one hour at room temperature With 200 [Ll/Well 
of blocking buffer. 
[0142] The plate(s) are then Washed, e.g., about 10 times, 
by hand With tap Water. 
[0143] The “cold” (no radiolabel) antibody is then titrated 
by tWo-fold dilutions in a separate U-bottom microtitre plate. 
The starting concentration of the “cold” antibody should be at 
least 100 times greater than that of the optimal radiolabeled 
antibody concentration. 
[0144] Example: 

[0145] Optimal Radiolabeled Conc.: 0.5 ug/mL 
[0146] “Cold” Antibody Conc.: 100 ug/mL (Note: 1:2 

titration in the ?rst Well Will adjust the “cold” antibody 
concentration to 50 ug/mL.) 
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[0147] Fifty [Ll/Well of optimal radiolabeled antibody are 
then added to the Wells containing “cold” antibody. 
[0148] One hundred [Ll/Well of the mixed solution are then 
transferred to the corresponding Wells of the antigen-coated 
plate, and incubated for one hour at room temperature. 
[0149] Also, it is desirable also that the folloWing controls 
be effected: 
[0150] a) Direct binding of radiolabeled antibody to anti 
gen-coated plate (5 Wells), 
[0151] b) Direct binding of radiolabeled antibody to back 
ground plate (5 Wells). 
[0152] After incubation, the plate(s) are Washed, e.g., about 
6-7 times, With 200 [Ll/Well of Wash buffer. 
[0153] The radio activity counts in each Well are then deter 
mined by running the Wells on a gamma counter. 
[0154] These calculations are determined by calculating 
the speci?c counts in each Well tested by subtracting the 
background counts from the counts bound to the antigen 
coated plate. 

4. Calculations for Scatchard Analysis 

[0155] The Molar Concentration of Bound antibody [B] 
can then be determined as folloWs: 
[0156] Example: At 50 ug/mL “cold antibody” 
Speci?c counts bound: 4382 cpm 
Counts bound in the presence of 50 ug/mL “cold” ab: 215 
cpm 
Difference: 4382 cpm-215 cpm:4167 cpm 
Speci?c Activity (radiolabeled ab): 5.54><109 cpm/nmole 
4167 cpm+5.54><109 cpm/nmole:7.52><10'7 nmole 

753x10’7 nmole+ 0.05 rnl(sample VOl.) = 150x10’5 nmole/rnL 

: 1.50 ><10’8 [,lrnole/rnL 

[B] =1.50X10*ll mole/ml(M) 

Total Molar Concentration [T] is determined as folloWs: 

Free antibody [F] is determined as folloWs: 

Free Molar Conc. : Total minus Bound 

[F] = (66667><10’“) -(1.50X10*11) 

66665.5 X10’ll rnrnole/rnL (M) 

Calculate B/ F. 

Plot B versus B/ F on Cricket Graph softWare. 

Activity and Af?nity of Anti-Human CD23 
Antibodies According to the Invention 

[0157] Four of the ?ve isolated primate anti-human CD23 
monoclonal antibodies (B3B11, 2C8, 5E8 and 6G5) Were 
found to inhibit lgE production in the above-identi?ed in vitro 
assay Which measures lgE production by lL4-hydrocortisone 






















































